HE role of thyroidal materials in animal production has been reviewed recently by Blaxter et al. (1949) . The value of these materials in increasing the milk production of dairy cattle and other types of animal production has been appraised critically by these reviewers, who conclude that the control of thyroid function at will by the use of such materials "not only gives promise of some applications of economic importance, but also provides a research tool that could help to advance a step farther the frontiers of our knowledge of the physiologic processes upon which livestock production is based." A natural extension of this problem is a study of the metabolic cost of the increased production secured by administration of thyroid-active materials.
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Observations of the physiology of the hyperthyroid ruminant (Blaxter, 1948a (Blaxter, , 1948b Owen, 1948a, and Reece, 1950) , and of its metabolism of energy (Thorbek, Hansen and Moustgaard, 1948) of nitrogen (Blaxter, 1948a; Owen, 1948a) and of minerals (Owen, 1948b; Blaxter, 1948a) , reveal the profound effect of thyroid stimulation on the tissues of the animal. The increase in the milk and fat production of the dairy cow under conditions of induced hyperthyroidism is apparently merely one phase of the general metabolic stimulus mediated by the thyroid gland. The increased nutrient requirements of the animal resulting from this metabolic stimulation can be covered by an increased food intake, but the stimulus to milk and milk-fat production occurs whether or not the food supply is raised.
The well-established stimulating effect of thyroxine on the basal metabolism of animals has been confirmed by Blaxter (1948c) on sheep using iodinated casein as the thyroid active material. Blaxter found that the effect of this product on the basal metabolism was linearly related to the dosage expressed in rag. per kg. W .73. In another publication (1948a), Blaxter estimates the endogenous nitrogen catabolism of sheep receiving different dosages of iodinated casein, on the assumption that the biological value of the ingested nitrogen is unaffected by hyperthyroidism. The endogenous nitrogen excretion, so computed, was found to increase in a linear fashion with dosage.
The excess energy and nitrogen expended in hyperthyroidism is a measure, in these terms, of the cost of any increased production of milk or milk fat that may result in the dairy cow. It was the purpose of the experiments to be reported below to examine these increased expenditures in the young bovine, determining directly both the basalmetabolism and the endogenous nitrogen output in the normal and in the hyperthyroid condition. A point of equal interest was the determination of the effect of hyperthyroidism on the ratio of endogenous nitrogen to basal calories, a ratio that, under usual conditions, is remarkably constant for different species of animals (Smuts, 1935) , although affected by age and environmental temperature, in the rat at least (Treichler and Mitchell, 1941) . In a previous publication (1949) the authors have shown that, in the rat, a degree of hyperthyroidism, induced by the administration of iodinated casein, sufficient to raise the basal metabolism 80 to 90 percent, had no appreciable effect on the ratio of endogenous nitrogen output to basal heat. The experiments reported in this paper reveal a somewhat different situation for the young bovine.
Experimental Methods
The subjects of the experiments were two Holstein bull calves weighing initially 270 and 340 lbs. The schedule of the experiments, together with daily food intakes per 100 lbs. body weight and average daily change in body weight per period, is given in table 1. The experimental rations are described in table 2. In the hyperthyroid periods (VIII to XII), the iodinated casein, protamone, was administered every morning 9 in gelatin capsules.
The dosage of protamone given was computed from the equation: P-~200 W ~ in which P is the dosage in mg. and W is the body weight in Kg. This dosage of protamone would be expected to raise the basal metabolism of the animals by about 25 percent according to observations made on rabbits in this laboratory by Blaxter (personal communication) . During the hyperthyroid periods, the calves were confined in our air-conditioned chamber maintained at 82 ~ F.
The Basal Metabolism
The basal metabolism uf the calves was determined in a pneumatic chamber of known volume, in which the air was circulated by two electric fans and the humidity minimized by blowing the air over P,_,O,~. The air in the chamber was sampled at the beginning of a determination and again at the end of 2.5 to 3 hours, and the samples were analyzed for CO2 and O._,. The quantity of CH4 produced after a fast of 72 hours was negligible. The computation of heat production was made on the basis of the respiratory exchange, with necessary corrections for any inward leakage of outside air that may have occurred as indicated by the nitrogen content of the chamber. The pressure in the chamber was maintained slightly less than atmospheric, and the inside temperature was kept within a comfortable range (75 to 85 ~ F.) by running a stream of cold water over the top of the chamber. The difficulty of maintaining farm animals in complete muscular repose has always been a handicap in the measurement of their basal metabolism. The successful use of nembutal anesthesia bv Reineke et al. (1941) in milk secretion studies with goats suggested the possibility of using this drug in securing valid measurements of the basal metabolism of the experimental calves. The nembutalized goats of Reineke and colleagues secreted milk of normal composition at a normal rate. Hypnotic drugs administered in doses just sufficient for narcosis over a period adequate for metabolism measurement have not been found to depress the basal metabolism of animals considerably (Boothby and Rowntree, 1923-24; Siebert and Thurston, 1931-32) , perhaps not more than corresponds to the greater nnlscular quiescence induced, but larger doses, producing deep narcosis and bordering on lethal doses, may depress basal metabolism, as ordinarily determined, by as much as 20 percent. (Lee, 1928; Brody et al., 1932) .
Nembutal (pentobarbital sodium) appeared to be the narcotic of choice, but before deciding to use it on the experimental calves, preliminary tests were made with a ewe lamb weighing about 66 lbs. In these experiments, the expired gases were collected, after a 72 to 78 hour fast, in a Collins gasometer, employing a rubber mask fitted snugly over the muzzle of the ewe, the muzzle having previously been shaved and coated with vaseline. The results of three tests in the unanesthetized and three in the anesthetized condition are summarized in table 3. The difference in heat production in the anesthetized and unanesthetized condition was 8.8 percent in one series of tests, and 9.5 percent in the other. At least part of this difference, and possibly all, was due to the unavoidable nervousness of the ewe when measurements were made without anesthesia, although the animal had been trained to lie quietly during the necessary manipulations.
In view of these results, the basal metabolism of the experimental calves was determined 30 minutes after a hypnotic dose of nembutal, i.e., 1 grain per 18 lbs. body weight. About two-thirds of the dose was injected intravenously and the rest subcutaneously. In the hyperthyroid condition (period IX), the basal metabolism was determined about the 20th day of protamone administration, when the pulse rate had reached its maximum value.
The Minimum Endogenous Nitrogen Excretion
The minimum endogenous urinary nitrogen was determined on each calf in the normal and in the hyperthyroid state. Daily collections of urine were made in a metabolism crate; fecal contamination was avoided (or minimized) by attaching a feces bag to the rear end of the animal with appropriate harness. During the tests, the calves subsisted upon the "low-N" and "N-free" rations described in table 2 for a sufficient time so that either the nitrogen content of the day's urine per Kg. of body weight had attained a fairly constant and low value, or the percentage of the total urinary nitrogen in the form of creatinine had reached a practically constant and high value. Since the appetite of the animals declined progressively during subsistence on the "N-free" ration, the calorie intake of the animals was maintained at an adequate level by hand-feeding that portion of the day's allotment that was not consumed voluntarily (Kehar et al., 1943) .
Heart Rate, Respiration Rate, Rectal Temperature and Body Weight
Heart rate, respiration rate and rectal temperature of the calves were recorded every morning, beginning one week before protamone administration was started, before food and water were offered. The average of two determinations was recorded, and aberrant values were checked. The heart rate was taken by stethoscope, and the respiration rate, taken immediately after the heart rate, was determined by counting the number of flank movements per minute, care being taken not to confuse respiratory movements with rumen contractions.
The rectal temperature was taken with a clinical thermometer, with the bulb inserted about 2.5 inches inside the rectum and in close contact with the rectal wall for at least one minute. The calves were weighed before the morning feeding, almost daily.
Methods o/Analysis
Urine collections were analyzed for total nitrogen by the macroKjeldahl method, using mercury and potassium sulfate in the digestion mixture. Preformed creatinine was determined by the method described by Hawk, Oser and Summerson (1947) , total creatinine by a modification of the Folin method (Mitchell and Carman, 1926) , and creatine by difference.
The analysis of gas samples collected in the course of the basal metabolism determinations was made with the Carpenter modification of the Haldane gas analyzer (Carpenter, Lee and Finnerty, 1930) , after securing, in each case, a satisfactory analysis of out-door air.
Experimental Results

Body Weight Changes
During the hyperthyroid periods, the changes in body weight of calf 965 were inconsiderable except during period XII when the "N-free" ration was fed (see table 1 ). In the case of calf 60, a fairly continuous loss in body weight occurred as the result of protanaone feeding, anaounting to 0.6 to 3.0 lbs. per day, in spite of increased feed allowance. With this calf, body weight was mainta!ned in period XII.
Changes in Pulse Rate, Respiration Rate and Rectal Temperature
Changes occur in pulse rate, respiration rate and rectal temperature during protamone feeding. The development of hyperthyroidism was associated with elevations of all of these indices of metabolic stimulation, the maximum elevations occurring in 15 days with the pulse rate, but not for 25 to 30 days for respiration rate and rectal temperature. It is interesting to note that during subsistence on the low-N ration there was a marked tendency for the rectal temoerature and the respiration rate to decline, although protamone administration continued. During this period of low-protein feeding the pulse rate declined for calf 965, but not for calf 60.
Changes in Basal Metabolism
The changes in the basal metabolism of the calves, expressed in calories per m'-' body surface per day, from the normal to the hyperthyroid condition, are summarized in table 4. Metabolism determinations were made from 72 to 96 hours after feeding. Since the respiratory quotient did not decrease consistently after 72 hours of fast, the postabsorptive condition was probably reached, under the feeding practices used in these tests, in 72 hours from the last meal. The decreases in heat production observed in later hours, particularly when the calves were in the hyperthyroid condition~ may be considered as specific inanition effects. Comparing the values secured after 72 hours of fast, the basal metabolism of calf 60 was increased 35 percent by the degree of hyperthyroidism imposed, and that of calf 965, 31 percent. These increases exceed that expected from Blaxter's equation above, i.e., 25 percent. reported much the same values for steers much heavier in weight, 250 to 600 Kgms., and in the standing position. On the basis of estimates of the energy cost of standing, amounting to 20 to 30 percent of the heat production of the standing animal, these investigators place the probable basal metabolism of beef steers at about 1300 cals. per m 2 per day. Forbes et al. (1931) found the basal metabolism of two steers, weighing 300 to 360 Kgms., to be 1217 and 1509 cals. per m 2 per standard day of 12 hours standing, or in the lying position, 1101 and 1333 cals, per m 2 per day. With the exception of Brody's predicted values, the results of the other three laboratories are in reasonably good agreement in indicating an average basal metabolism of cattle in the lying position of approximately 1300 cals. per m s per day, with no clear indication of an age effect within the age range studied.
Changes in the Minimum Endogenous Excretion o] Nitrogen
The minimum excretions of endogenous urinary nitrogen of the calves in the normal and in the hyperthyroid states are presented in table 5. The daily excretions for the last 4 or 5 days of the nitrogen-free period, on which the averages are based, are much more consistent for calf 965 than for calf 60; the creatinine excretion was fairly constant for both calves. In the hyperthyroid condition the calves excreted more endogenous nitrogen at lighter body weights, but less creatinine, than in the normal condition. When computed to the square meter of body surface, the values for total endogenous nitrogen for calf 60 were 3814 mg., for the hyperthyroid period, as compared with 3288 rag. for the normal period, a 16 percent increase; for calf 965, the values were 3348 vs. 2804 rag., an increase of 19 percent. The creatinine nitrogen per m 2 body surface decreased on the average from normal to hyperthyroid period, the values being 654 and 542 mg. for calf 60, respectively, and 576 and 486 rag., for calf 965. The marked increase in creatine excretion of hyperthyroidism indicates a considerable stimulation of the endogenous nitrogen catabolism by protamone.
Not many reports have been found in the literature of determinations of the minimum endogenous urinary nitrogen of cattle carried out under conditions of very low-nitrogen feeding. The earliest one is a report by Hart, Humphrey and Morrison (1912) describing such an experiment on two Holstein heifers weighing 158 and 172 K~m. Computing the body surface of the calves by the formula of Brody and Etting (1926) , the urinary nitrogen excretions on a low-nitrogen diet were, respectively, 2027 and 1775 mg. per m 2 body surface per day. Swanson and Herman (1943) have reported similar data on a number of pure-bred Holstein-Friesian calves ranging in body weight from 283 to 422 Kgms. The average of 15 satisfactory determinations on ten calves of the minimum endogenous urinary nitrogen excretion is 2087 rag. per m 2 per day, with individual values ranging from 1672 to 2424 rag. The results of Kehar, Mukherjee and Sen (1943) on 6 adult Indian bullocks averaged 1686 mg. endogenous nitrogen per m 2 per day. Their low values in comparison with others cited are explained as being probably associated with a tropical climate, which, in many investigations on Indian men and women has been shown to be associated with basal metabolic rates 6 to 16 percent lower than American or European.
The higher values for endogenous urinary nitrogen observed in the normal periods of this experiment, i.e., 3288 and 2804 nag. per m 2 per day for calves 60 and 965, were associated with low percentages of urinary creatinine nitrogen on the total urinary nitrogen, i.e., 19.9 and 20.6. In the article of Hart et al. (1912) , no creatinine values are given, but in that of Swanson and Hedman (1943) the percentage of creatinine nitrogen was 29 to 30, and in the Indian experiments it ranged from 30 to 40.
It does not seem profitable in the present state of knowledge concerning the factors with reference to the animal or its environment that modify the endogenous metabolism of nitrogen, to discuss these discrepancies among the results of different experiments on cattle. We need to know more concerning the effects of age, sex, climate and previous nutrition to warrant such a discussion.
Effect of Hyperthyroidism on the Ratio o] Endogenous Urinary Nitrogen to Basal Heat
Theratios of endogenous urinary nitrogen to basal heat for both calves and both experimental periods are given in table 6, together with Brody and Elting (1926) .
the basic data for ready comparison. Since the endogenous nitrogen per m 2 of body surface was elevated to a less extent by protamone feeding than was the basal metabolism, the ratio of endogenous nitrogen to basal heat decreased for both calves as the result of hyperthyroidism, though the decrease was not great for calf 965 for which greater success was realized in covering calorie requirements in the hyperthyroid condition (see table 1 ). In this respect the experiment on calves differed from that previously carried out on rats (Mukherjee and Mitchell, 1949) . For adult rats hyperthyroidism did not disturb this ratio.
Practical Considerations
According to Blaxter et al. (1949) , a British Friesian cow when 20 weeks in milk and producing 25 lbs. of milk daily, has been observed to give a peak increase in daily milk production of 5.2 lbs. iN response to 20 gin. iodinated casein daily. A body weight of 545 Kgm. (1200 lbs.) would correspond to a 20 gin. dose of iodinated casein according to the Blaxter equation cited above, and used in computing dosages for the experimental calves. On the basis of the results of this experiment, one may assume that such a cow would respond to 20 gin. of iodinated protein with about a 30 percent increase in her basal metabolism and about an 18 percent increase in her endogenous nitrogen loss. Without giving the intermediate calculations,'-' it may be shown that the cost of the extra 5.2 lbs. of milk, assuming 3.5 percent of milk fat, would amount to 0.65 lb. TDN and 0.065 lb. digestible crude protein per lb. These values are 2.36 and 1.53 times, respectively, the normal feed cost of a lb. of 3.5 percent milk.
Summary and Conclusion
The extra energy and protein (nitrogen) expended in basal activities of the bovine induced by the feeding of iodinated casein have been studied by appropriate experiments on two Holstein bull calves. The basal metabolism of each calf, and the minimum endogenous urinary excretion of nitrogen, were studied when the calves were in the normal unstimulated condition, and also when they had come into equilibrium, as judged by pulse rate, respiration rate and rectal temperature, with a selected dose of iodinated casein (protamone).
Under the conditions imposed, the basal metabolic rate of the calves was increased in hyperthyroidism by 31 and 35 percent, and the minimum endogenous urinary nitrogen by 19 and 16 percent, per m 2 of body surface. The ratio of endogenous nitrogen to basal calories was lowered in hyperthyroidism from 2.56 rag. to 2.19 rag. with one calf, in which body weight was lost rapidly during protamone feeding, and from 2.14 to 1.93 mg. with the other.
Thus, in experimental hyperthyroidism, both the basal expenditure of energy and the endogenous catabolism of nitrogen are elevated.
An illustration is given of the practical significance of these results, indicating that the TDN cost of the extra milk produced in response to a practical dosage of iodinated casein may be increased by more than 100 percent over the normal cost, while the cost in terms of digestible crude protein may be increased over normal by about 50 percent.
2These intermediate calculations may be obtained by writing to the junior author at Urbana, Illinois.
